The features of "cold" collision processes and the behaviour of scattering observables when the relative energy approaches thresholds for atomic and molecular excitations have been of interest, both experimentally and theoretically, for a long time because of the intriguing interplay that has been observed between structural properties of the colliding partners and the dynamical attributes of such processes [1] [2] [3] [4] [5] [6] .
As low-energy positron beams have become increasingly more available in the laboratory, and data have been collected on a broad variety of molecular systems in the gas phase [4, 5] , the need for more accurate models that can realistically describe positron-molecules interaction, and thereby provide reliable values for their scattering observables, has become even more pressing [6] .
One of the questions that has been asked over the years with regard to such interactions has been directed at the possible existence of compound states between the molecule and the cold positrons of the impinging beam [7] in order to relate such temporary states with the very marked enhancements of the annihilation parameters (Z eff ) when cold positrons are injected in polyatomic gases at room temperature (see refs. [5, 6] for details). Because of the complexity of the targets, and because of the computational difficulties in realistically handling the multichannel quantum dynamics that couples the positron with the molecular motions, very little progress has been made thus far in answering that specific question. In an earlier model study [8] the conjecture was put forward that polyatomic molecules could trap the impinging positrons into metastable Feshbach states, thereby enhancing their Z eff parameters by the large amounts that are experimentally observed [5, 6] . However, accurate calculations of the quantum, close-coupled description of the vibrational coupling in diatomics [9] and simple polyatomics [10] found no evidence for the existence of Feshbach resonances or for the formation of temporary [molecule-e + ] compound states. More fundamentally, there has been no evidence that the e + interaction with polyatomic molecule could be attractive enough to provide the required mechanism for Feshbach resonances to occur [11] .
The aim of this study is to look at the effects of molecular geometry deformations on the threshold features of positron-impact processes and to show that, for the case of the bending mode (ν 5 ) [12] deformation of C 2 H 2 , our model study finds a transition from the presence of a zero-energy virtual state to the appearance of a "bound" state supported by the deformed molecular potential. Such a state would become a metastable state in a more correct dynamical treatment which would couple the positron motion with the nuclear vibrations. We do not provide here the molecular mechanism for such a "deformed" molecule to be created in the gas, although various possible pathways could be conjectured. We, instead, want to provide a proof-of-principle argument which shows the possibility of such deformation to activate the Z eff enhancement seen in experiments.
Briefly, the total wave function Ψ, in the Molecular Frame (MF) reference where the z-axis is along the direction of the main molecular axis, is
where
In eq. (1), r i represents the position vector of the i-th electron among the Z bound electrons in the target. The quantity Ψ mol represents the electronic wave function for the molecular target at the geometry R. The function ϕ(r p | R) refers to the wave function of the scattered positron under the full action of the field created by the molecular electrons and by their response to the impinging positron as described via the full potential (V ) of eq. (4). Each u πµ lh is the radial part of the wave function for the incident particle and the X πµ hl are the symmetry-adapted angular basis functions discussed earlier by us [13, 14] . The suffix π stands for the irreducible representation, µ distinguishes the component of the basis if its dimension is greater than one, and h does that within the same set of (πl).
The bond distance of the target molecule is varied in our calculations but kept fixed during each collision, an approximation called the fixed-nuclei (FN) approximation (e.g., see refs. [14, 15] ).
Under this approximation [14] , one obtains a set of coupled differential equations for u lν where, for simplicity, ν represents (πµh) collectively,
with
When solving eq. (3) under the boundary conditions that the asymptotic form of u lν l ν is represented by a sum containing the incident plane wave of the projectile and the outgoing spherical wave, we obtain the corresponding S-matrix elements, S lν l ν [16] . The above coupled equations (3) have been solved using Volterra-type integral equations described in our earlier work [16] .
We further assume that the target molecule is initially in its lectronically ground state, and we take into account three kinds of forces between the incident positron and the target molecule: those which originate from an ab initio electrostatic potential, the short-range (SR) electron-positron dynamical correlation, and the long-range (LR) target dipole polarisation (spherical contribution). The target distortion effects in the SR regions are approximated via a parameter-free model potential based on electron-positron correlation in a homogeneous electron gas [17] . The latter potential is then connected to its LR asymptotic form given by the spherical dipole polarisability of the target [18] .
According to earlier models [19] , as the collision energy increases, the Born approximation is expected to hold, i.e. the Z eff approaches Z, the number of bound electrons in the molecule. The actual physical situation with the correct interaction between a positron and the bound electrons is, however, different and therefore Z eff should be more properly defined as resulting from a multidimensional integration (e.g., see details in ref. [20] ). The variables x i represent now below both space and spin coordinates (r i , σ i ) of the bound electrons, while x p does the same for the positron projectile,
that can be further rewritten under the FN approximation as
is the target electron density evaluated via the target wave function of eq. (1) at the same point in space, x p , where the positron is taken to be located for a given molecular geometry R. This is essentially a multidimensional overlap integral between the scattered positron wave function and that for the bound electrons. The latter are those that exist initially in the target molecule, while the former is obtained from the scattering calculations which explicitly include distorsion of target orbitals during the scattering [20] . The electronic wave functions for the C 2 H 2 molecule, at the different nuclear geometries which describe the symmetric bending distorsion, ν 5 [12] , were calculated at the self-consistent field (SCF) level via a single-determinant formulation of the Hartree-Fock (HF) equations. We used the D95* Gaussian-type orbital (GTO) basis set expansion via the GAUSSIAN 98 package. The terms of the multipolar expansion of the interaction potential were retained up to l 0,max = 28. The corresponding scattered wave functions for the positron went up to l max =14 partial wave components being coupled during the solution of eqs. (3). We therefore computed the nuclei potential energy curve for the ν 5 mode and also generated the target spherical polarizability (α 0 ) as a function of the bending angle ϑ. The range of values chosen in the calculations was sufficient to cover the potential deformation associated with the lowest four bound states of that vibrational mode. Furthermore, the α 0 (ϑ) dependence on the deformation angle obtained from our calculations was scaled to reproduce the experimental value of α 0 at the molecular equilibrium geometry (28.68 a 3 0 ) and the ensuing fitted form was employed at all the ϑ used values. The bending motion also induces a dipole moment in the target molecule: we have explicitly computed it and employed its ensuing long-range contributions in the scattering calculations.
When the collision energy tends to zero, the general behaviour of the ICS is known to be given (only the spherical term corresponding to s-wave scattering is retained in its expansion [21] ) by the following expression:
where A 0 is the scattering length for the s-wave that is the dominating partial wave at vanishing collision energies. The latter is also obtained from the corresponding = 0 eigenphase of the full scattering matrix [13] ,
η 0 being the corresponding s-wave eigenphase contribution [22] . In the presence of a charged projectile, one includes effects from LR polarization forces using the Modified Effective-Range Theory (MERT) formulation [22] . The expression, for the = 0 partial wave, of the scattering length [22] , is given by
where α 0 (ϑ) is the spherical, dipole polarizability of the molecular target at each chosen angle ϑ. We have disregarded in our numerical model the smaller contributions from other, nonspherical terms generated by the anisotropic molecular target (see [23] for details). ¿From the sign of the scattering length, one can thus extract information on the possible presence of bound states for the compound system (positive A 0 ) or on the existence of virtual states close to the threshold axis in the positive energy region (negative A 0 ) [21] [22] [23] [24] . As mentioned before, in the case of positron scattering from polyatomic gases the presence of bound states has not yet been unequivocally established from direct calculations on polyatomics. Hence, the present study uses scattering calculation to indentify their possible presence from dynamical attributes [21] . Figure 1 reports in the upper panel the values of the scattering length A 0 , using both eq. (9) (X sec ) and eq. (10) (MERT) for its computation. The values are reported as a function of the bending molecular angle ϑ, measuring the distorsion of each C-H bond when moving away from the main molecular axis z (ϑ = 0
• being the equilibrium geometry). One clearly sees there that when the linear molecule is slightly deformed away from its equilibrium geometry the scattering length (top panel) becomes increasingly larger and negative, thus indicating that the energy position (E pos ) (in the 2nd Rieman sheet) of the virtual state gets increasingly smaller as the molecular bending distortion becomes larger (see middle panel of fig. 1 ). Finally, as the bending angle reaches the value of ∼ 16
• , the scattering length diverges at zero energy and becomes then positive beyond that deformation: its corresponding negative energy has now moved to the physical sheet and describes the onset of a truly bound state of e + with the deforming molecular target. This is only a model, adiabatic treatment of the molecular deformation. A more correct dynamical coupling-channel study of vibrations [24] showed also the presence of a corresponding lifetime for such deformed states as vibrationally excited metastable states [24] . The behaviour of both A 0 and its energy location in the two panels of fig. 1 is indeed suggesting a possible microscopic mechanism at play during the scattering process: the presence of molecular deformations in the ambient gas is capable of generating a stronger e + -molecule potential and therefore its corresponding interaction with the slow e + projectile becomes capable of supporting a compound state [(C 2 H 2 ) -e + ] which becomes "locally" bound. It can, however, decay back into its component C 2 H 2 and e + partners when dynamically coupled to the molecular internal degrees of freedom, thus correctly behaving as a Feshbach resonance state [21] . One also sees from the calculations that in the region of E pos ∼ 0 the scattering length becomes very large (it diverges at E pos = 0), thus indicating that the leptonic partner can get trapped even at very large distances away from the molecular c.o.m. Within that molecular phase space the e + probability density can now become much larger than the one attained during a direct scattering event, thereby increasing the value of the overlap integral that controls the Z eff magnitude in eq. (6) [24] . As a consequence of it, we therefore see that the annihilation parameter becomes substantially larger when the bending deformation of the target molecule is present. The computed results (at the experimental energies of 0.025 eV) are reported in the bottom panel of fig. 1 , where the Z eff increases to very large values beyond the discontinuity of the scattering length (see upper panels) and gets close to ∼ 4000: this value turns out to be reminiscent of the recent room temperature data on the title molecule [6] . Their behaviour indicates that the deformation makes the distorted molecule capable of supporting at least one locally bound, metastable state with the impinging positron, hence creating a metastable compound that can then break up by ejecting the positron, while the extra binding energy dynamically flows back into the molecule. This is the typical signature of a Feshbach-type resonant mechanism induced by the formation of a metastable [e + -molecule ] complex that can occur for the case of a deformed target. In spite of the simplicity of our treatment, and the fact that the S-matrix poles are indeed very sensitive to small features of the interaction potentials [23] , we think that the present result is important for providing a possible, molecular mechanism that could be more generally responsible for causing the unusually large annihilation parameters which are seen in much larger polyatomic systems [6] . One is aware of the fact that in the measurements at room temperature even the least energetic bending mode of C 2 H 2 , e.g. the ν 5 mode with ∆ε ∼ 100 meV is not easily populated beyond n = 0. Hence, to show that molecular deformations increase the positron trapping probabilities, and therefore increase its Z eff values in molecular gases, becomes an easier option for those larger polyatomics where the much higher densities of vibrational levels make several of them likely to be already vibrationally excited at the 300 K (∼ 25 meV) of the bath energy. If one were able, in fact, to extend the calculations to much larger and more complicated polyatomic targets, where the existence of very high density of states for their vibrational manifolds is well known [12] , then the formation of a broad variety of "hot" molecular modes even under the experimental conditions of room temperature (with the corresponding presence of Feshbach-type metastable compound states as those described in this work) would be much more likely to occur. Such increased probability would then give rise to marked cooperative effects among the populated modes during the experiment and would thus justify the order-of-magnitude increases of values for the annihilation parameters of large hydrocarbons, as is indeed experimentally found in the more complex molecules [5, 6, 8] .
In spite of their model nature, the interaction forces that we have employed here were already able to provide good accord with other experiments [25, 26] , thus giving us some confidence that the present calculations are also giving a realistic description of the quantum dynamics we suggest is presiding over Z eff enhancement effects. * * * The financial support from the Rome University Research Committee, from the European Union 5th Framework collaborative project EPIC and from the CASPUR Computing Consortium is gratefully acknowledged. One of us (TN) also thanks the CASPUR Consortium for the awarding of a research fellowship.
